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Operator based robust control for nonlinear plants with Prandtl-Ishlinskii hysteresis
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This dissertation discusses the control problem of nonlinear plants with Prandtl-Ishlinskii (PI) hysteresis. By using 
operator-theoretic approach, the designed controllers guarantee the robust stability of the considered plant with PI hysteresis 
and realize the system output tracking performance by compensating the effect of the hysteresis. 
With development of smart materials, many kinds of actuators are made of them. However, hysteretic behavior exists 
widely in smart materials and affects the performance of actuators, even makes system with these actuators exhibit 
undesirable oscillations and instability. To compensate the effect of the hysteretic behavior, more and more researchers have 
paid attention to the research of hysteresis. In this dissertation, to address the hysteresis, PI hysteresis model is adopted to 
describe it. Especially, the PI model is decomposed into two terms that are invertible term and bounded parasitic term. In the 
proposed method, the invertible term can be considered as a part of the considered plant. Based on the concept of Lipschitz 
operator and robust right coprime factorization condition, a robust control design scheme is given to guarantee the bounded 
input bounded output (BIBO) stability of the obtained system. Further, a tracking controller design method is given to ensure 
the system output tracking performance under the existence of the parasitic term. The numerical simulation results show the 
effectiveness of the proposed operator based robust nonlinear control method for nonlinear plants with PI hysteresis. 
The above mentioned PI hysteresis model is described by the weighted superposition of symmetric play hysteresis 
operators (which are also called backlashes). In practice, the slopes of backlashes in forward and backward movements are not 
the same. In order to make PI hysteresis model closer to the real hysteretic behavior, a non-symmetric PI hysteresis model is 
proposed by using non-symmetric backlash. As non-symmetric backlash is elementary unit of non-symmetric PI hysteresis, 
the control problem for non-symmetric backlash is firstly considered in the research. For facilitating the utilization of 
operator-theoretic approach, non-symmetric backlash model is redescribed as Lipschitz operator, which is decomposed into an 
invertible generalized Lipschitz operator and a bounded parasitic term. Since the slopes of non-symmetric backlash in forward 
and backward movements are unknown and not parallel, after fusing the invertible generalized Lipschitz operator into the 
considered plant, the above mentioned robust right coprime factorization condition is not workable. In order to guarantee the 
stability of the nonlinear plant with non-symmetric backlash, a theorem including a new robust right coprime factorization 
condition is proposed. 
Then, by using description of Lipschitz operator of non-symmetric backlash model, non-symmetric PI hysteresis 
model can be also described as an invertible generalized Lipschitz operator and a bounded parasitic term. Based on the 
proposed theorem, the stability of the considered nonlinear plant with non-symmetric PI hysteresis can be guaranteed by 
designed controllers. Concerning with the system output tracking performance, operator based exponential iteration theorem is 
adopted to design a tracking controller to compensate the effect of the parasitic term. Since this tracking controller is not 
related to any information of the considered hysteresis, it is useful for compensating the effect of the unknown parasitic term 
of the hysteresis. And it is also able to be applied for non-symmetric backlash. 
Finally, numerical simulations for unstable plants with non-symmetric backlash and non-symmetric PI hysteresis are 




















補償するための出力追従コントローラの設計に，オペレータに基づく exponential iteration 定理を適用し
ている．この出力追従コントローラは，想定しているヒステリシス特性のどんな情報にも関連しないの
で，ヒステリシス特性の未知の寄生項の影響を補償することに有用である．すなわち，非対称的なバッ
クラッシュに対しても適用可能である．最後に，提案法の有効性を示すために非対称的なバックラッシ
ュと非対称的な PI ヒステリシスモデルを持つ不安定プラントに対して数値シミュレーションを与えて
いる．よって，本論文は，制御理論上の新たな知見を与え，さらに，実用上の有効性も示してお
り，学術的意義は極めて高く，本研究は博士（学術）の学位に十分値すると認められる．
